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Postulating that all massless elementary fields have conformal scaling symmetry removes a conflict 
between gravitational theory and the standard model of elementary quantum fields. If the scalar field 
essential to SU(2) symmetry breaking has conformal symmetry, it must depend explicitly on the Ricci 
curvature scalar of gravitational theory. This has profound consequences for both cosmology and 
elementary particle physics, since cosmological data determine scalar field parameters. A modified 
Friedmann equation is derived and solved numerically. The theory is consistent with all relevant 
data for supernovae redshifts below z — 1. The implied value of the cosmological constant implies 
extremely small Higgs mass, far below current empirical lower bounds. Detection of a Higgs boson 
with large mass would falsify this argument. 
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I. INTRODUCTION 



Einstein gravitational theory has lower symmetry than 
the standard model of spinor and gauge boson fields. 
Massless electroweak action integrals are invariant under 
local Weyl (conformal) scaling, g^u{x) g^i.v{x)e'^°'^^\ 
for fields with definite conformal character. For exam- 
ple, scalar field $(2;) <i>(a;)e~"*^^''. A conformal energy- 
momentum 4-tcnsor is traceless, while the Einstein ten- 
sor is not. Compatibility can be imposed by replacing the 
Einstein-Hilbert field action by a uniquely determined ac- 
tion integral constructed using the conformal Weyl ten- 
sor, which preserves general relativistic phenomenology 
at the distance scale of the solar system[l|. Discrepancies 
at galactic distances are commonly attributed to unob- 
served dark matter. Most remarkably, conformal the- 
ory is consistent with the empirically successful MOND 
model0] in describing the systematics of these discrepan- 
cies. This provides an alternative explanation of exces- 
sive rotational velocities in the outer regions of galaxies, 
without invoking dark matter 

In the electroweak standard modelQ, mass is gener- 
ated by an SU(2) doublet complex scalar field $. The 
Lagrangian density contains A£$ = 1/;^$'''$ — A($'l'$)^, 
where and A are positive constants. The Higgs mass 
is mn = y/2w. Units here are such that h = c = 1. 
^($t$)2 jg conformally covariant, but conformal symme- 
try is broken by w^'^'^^. The Higgs construction breaks 
SU(2) and conformal symmetries by setting (f>^"I> — 0q, 
for spacetime constant (f>Q. Conformal theory replaces 
the term by — where scalar R — ^^jyi?^" for 
Ricci tensor i?^'', the symmetric contraction of the grav- 
itational Riemann tensoril]. However, empirical cosmo- 
logical parameters indicate that i? > 0. This sign con- 
flict is resolved here by including both terms, while 4>q 
is modified to include the effect of — hR. The resid- 
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ual constant term in the Lagrangian density defines an 
effective cosmological constant A[l]. 



If w'^ is a dynamical result of self-interaction 4] , it may 
be much smaller than commonly assumed. Conformal 
covariance of the bare electroweak and gravitational the- 
ories establishes a relationship between parameters w'^ 
and A. The latter is currently known from empirical 
cosmology, implying a very small value of and Higgs 
mass rriH many orders of magnitude smaller than empiri- 
cal limits inferred using the standard modelQ. However, 
important mechanisms of Higgs production and detec- 
tion would be removed if Higgs-fermion coupling were 
eliminated H| , which would require reconsideration of the- 
oretical expectations. In any case, detecting a spinless 
neutral particle with mass less than the electron neutrino 
presents a great experimental challenge. 



II. CONFORMAL THEORY INCLUDING A 
SCALAR FIELD 

For homogeneous isotropic (Robertson- Walker) geom- 
etry, the conformal gravitational term vanishes in the 
coupled field equations, requiring the total source energy- 
momentum tensor to vanish[l|. However, the Ricci scalar 
in the Lagrangian density of a conformal scalar field pro- 
duces a gravitational term in its energy-momentum ten- 
sor. This implies an effective gravitational field equa- 
tion. Scalar field parameters determine a cosmological 
constant (aka dark energy) in the resulting cosmological 
Friedmann equation. Empirical values of the relevant pa- 
rameters can be fitted to redshift data implying Hubble 
expansion and acceleration[lj. Thus in conformal theory 
the scalar field, postulated to generate gauge boson mass 
in the standard model, is also responsible for cosmologi- 
cal expansion. Qualitatively, this is not surprising, since 
the Higgs mechanism renormalizes the universal vacuum 
state, producing a nonvanishing scalar field amplitude (/jq 
throughout the universe. Its energy-momentum tensor is 
a cosmological entity. 
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Following sign conventions of electroweak theoryjl, Q, 
diagonal metric tensor g^^ has elements (1,-1,— 1,-1) 
in flat space. A covariant energy-momentum tensor 



^ n 



-2SL, 



(1) 



is determined by any invariant action integral la = 
J d^Xy/^La- This defines 9™ as an energy density. 
Conformal symmetry implies that is traceless. For 
gravitational Lagrangian density £g, functional deriva- 
tive 



implies the gravitational field equation 
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(2) 



(3) 



If bli„ 



up to a 4-divergence, the functional 



derivative of action integral Ig is — x^'' -f ^Cgg'^" . 
Standard Einstein-Hilbert theory, with Ricci scalar R = 
QiivR^" 1 cosmological constant A, and Cg — (i? — 2A)/2k, 
implies the Einstein field equation 



(4) 



where C^" — R^'^ — \Rg^^ is the Einstein tensor. Its 
trace G = —R does not in general vanish. 

Uniform, isotropic cosmology is characterized by 
Robertson- Walker (R-W) geometry. With the present 
sign conventions, the metric tensor is defined for spatial 
curvature k by 



dr'^ 



1 — kr'^ 



+ r'^d9'^ + r'^sm'^ed(l)'^). (5) 



The Ricci tensor R^'^ (contracted Riemann) depends on 
universal scale factor a{t) through only two independent 
hmctions, ^o(i) — f and^i(t) — ^ + -^. The Ricci scalar 
is R{t) = 6{^o{t) +^iit))- In R-W geometry, functional 
derivative X^'^ vanishes for the conformal gravitational 
Lagrangian 111. If averaged uniform matter and radiation 
produce Ql^ , the field equation reduces to 0$'^+B^f = 0. 

Electroweak theoryf^, 0] postulates an SU(2) doublet 
complex scalar field $ whose Lagrangian density contains 



2$t$ _ A($t$) 



(6) 



omitting a constant term. If 0o is a spacetime constant, 
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and 0g = |j for A > 0, $ = (/)o is an exact global solution 
of the scalar field equation. This determines a stable 
vacuum state. A£$ has residual value ^w^(/)q. 

= (a^$)t5'^$ - ii?$t$ _ A($t$)2 defines a con- 
formally invariant action integral[l|. Electroweak theory 
adds a term w^^^^, which breaks conformal symmetry. 
In R-W geometry, the occurrence of Ricci scalar R here 



implies a Friedmann cosmic evolution equation with co- 
efficients determined by the scalar field Lagrangian pj. R 
varies on a cosmological time scale. The resulting time 
variation of (f>Q is many orders of magnitude smaller than 
that relevant to elementary particle physics. The present 
analysis will treat i? as a constant in the scalar field equa- 



tion, 9^9'^$ = (-^-R- 



w 



If constant 



such that (/)q = w^/2A, is substi- 



tuted for the scalar field, as in the Higgs construction, 
= — i0Q(i? — 3w^). This acts as an effective gravita- 
tional Lagrangian density, of the same form as Einstein- 



,A 



The 



Hilbert, but with parameters k, — - ^2,^1 — 

implied field equation is G^"" + Kg^"" = -kQ^ . The 
gravitational constant is negative and the cosmological 
constant is determined by scalar field parameters 

Generalizing the Higgs construction, for (/)o such that 
= ^{w^ ~ \R)j = </>o is a global solution of the 
scalar field equation. The time derivative of R can be ne- 
glected in the scalar field equation. The algebraic sign of 
A must agree with w'^ — ^R. Because depends on i?, its 
functional derivative for variation of the metric tensor is 
X^-" = ^R^'•'^^<^> + ^C^g^"'. Evaluated for 0g = ^(w^- 
ii?), = ^liw' - ii? - A</)2) = i^§(3iz;2 - ii?) = 
j^{w'^ — ^-R)^- Hence the effective gravitational func- 
tional derivative is X^"" = l(l)l{R^"' - jRg'"' + f w^g^''). 
The middle term here is reduced by a factor of two from 
the corresponding Einstein-Hilbert expression. Defining 
K = —-^ and A = the modified gravitational field 

equation is Rf"" - jRg^"" + Agf"" = -kQ!^ . 



III. THE COSMOLOGICAL FRIEDMANN 
EQUATION 

In the R-W metric, R°" = 3^o and R = 6{^o+^i). For 
energy density 6™ = p, the effective Einstein field equa- 
tion implies standard Friedmann cosmic evolution equa- 
tion -iG™ =6(0 = ^ + = ^(kp + A), expressed 
in terms of scalar field parameters. The effective gravita- 
tional field equation derived above, taking into account 
Lagrangian term —^R^^^ and the modified Higgs con- 
struction, implies R^^ — jR = 3^o~i(Co+Ci) = —hp~K. 
This reduces to a modified Friedmann equation 

m - m = ^ + 4 - - = li'^p + A)- (7) 

For positive energy density, Rp here is negative, compen- 
sated by A, spatial curvature k, and acceleration d. 

In the early universe, with no stable masses, conformal 
symmetry requires trace Qm = gfu^^m f^i vanish. Trace 
6$ must also vanish. Using 5^1. (i?^'' - \Rg^'^) = 0, 
gravitational trace terms cancel identically in the effec- 
tive field equation, implying A = 0. Then for k —^ 
Eq.Q reduces to = — which correctly implies 
exponential expansion because k < in conformal the- 
ory. This is consistent with the postulate of universal 
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conformal symmetry prior to dynamical symmetry- 
breaking, and with the hypothesis that parameter vlP' is 
due to self-interaction associated with such symmetry- 
breakingpj. For temperatures below the electroweak 
transition temperature Tew j conformal symmetry is bro- 
ken dynamically by the Higgs mechanism. In this epoch, 
trace cannot be assumed to vanish. Once conformal 
symmetry is broken and stable nonzero mass is possible, 
R-W geometry is modified by mass concentrations and 
may not remain strictly valid as a cosmological model. 



IV. EMPIRICAL PARAMETERS 

In the present conformal theory scalar field param- 
eters w^,A determine scalar amplitude 4>q, cosmologi- 
cal constant A, and effective gravitational constant R. 
In a Robertson- Walker metric, scale factor a{t) defines 
expansion rate H[t) — a{t)/a{t), whose present value 
Ho = H{to) is the Hubble constant. The parametrized 
gravitational equations determine a Friedmann cosmic 
evolution equation which relates A and energy density p 
to cosmic expansion a{t) and acceleration ^ — ~q{t). 
Defining dimensionless quantities, and normalizing to 
a (to) = 1 at present time t^, 

the modified Friedmann Eq.(I7]) reduces at to 

VLm+^K + ^k+^q^l- (8) 

Coefficient R is unrelated to the Newton constant 
SttGn, which retains its validity for gravitational dynam- 
ics in the solar system. The full conformal theory is re- 
quired for nonuniform or nonisotropic energy-momentum 
density on a galactic scale [1]. The sign reversal of R rel- 
ative to Gat implies flm < 0. Empirical values of Q\ are 
positive, while H.^ is near zero. If A > and k < 0, the 
evolution equation implies that the current value of Qm 
IS very small[ii. Given < Q\ + < 1, empirically 
well-defined, the residual parameter from the modified 
Friedmann equation is 1 > Qm + > 0, which is com- 
patible with < 0. In contrast, the standard dimen- 
sionless Friedmann equation, flm + + f^fe = 1 implies 
1 > rim > 0, conflicting with conformal theory. Conclu- 
sions regarding Qm based on the standard equation may 
require reconsideration. 

The algebraic sign of parameter A must agree with — 
ij?. At to the independent field parameters are ^0(^0) = 
nqH^ and ei(to) = (1 - ^k)Hl so that ii? = ^0 + Ci = 
il-nk + ng)Hl Thus - ^R)/H§ = Oa + Ofc - f], - 
1 = — 2f2q — il„i, negative for fJ,,,, < ii fig + > 0. 
A consistent model with ftq + il„i > requires A < 0. 
Because the resulting value of Cg — — ^R)^ is 

negative, A < does not destabilize the physical vacuum 
ground state. 



V. NUMERICAL SOLUTION OF THE 
MODIFIED FRIEDMANN EQUATION 

The modified Friedmann equation \ — - = a — % — -4 
can be solved numerically, given constant parameters 
a = |A > 0, /c ~ 0, and /? = —^Rpa^ > 0. For luminos- 
ity distance rf^, Hodi, is computed as a function of red- 
shift z. By adjusting the free parameter ilg, MannheimQ 
fitted his Eq.(ll), a solution of the standard Friedmann 
equation for k = and /3 = 0, to empirical redshift data. 
The fitted function is indistinguishable from a standard 
Hubble plot of the same data, with consensus parame- 
ters fl\ = 0.7, Qm = 0.3. Similar results are given here 
for the modified Friedmann equation, also with vanish- 
ing k and p. Here D,g is determined by the solution, 
while free parameter a is adjusted to match Mannheim's 
HodL for redshift z ~ 1. The functions agree to graphi- 
cal accuracy for z < 1. Remarkably, the fitted parameter 
r^A = a = 0.732 for fi/j = is consistent with current em- 
pirical values r^A = 0.726±0.015,17fe = -0.005±0.013[3. 
Any significant discrepancy would invalidate the present 
theory. 
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VI. RELATIONSHIP TO STANDARD 
ELECTROWEAK THEORY 

Because the standard model Lagrangian for the SU(2) 
complex scalar field omits Ricci scalar R, the implied 
scalar field equation has a time-independent global solu- 
tion. If both w'^ and A are positive, this implies Higgs 
symmetry-breaking. Conformal theory replaces w'^ by 
— ii?, where R is time-dependent on a cosmological 
scale, as implied by the modified Friedmann equation. 
This extremely weak time-dependence establishes a cor- 
respondingly small but nonzero coupling to the Z*' weak 
boson field, through the SU (2) covariant derivative that 
acts on the scalar field 0, If virtual emission and ab- 
sorption of the field produces a dressed scalar field, 
parameters w'^ and A would represent the implied induced 
self-interactionQ. Because the transition amplitudes 
depend on cosmological time-derivatives, parameter val- 
ues would be extremely small. 
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The current empirical value of the Hubble constant 
is Ho ~ 7O.5km/s/Mpc0. Using Q/^ = 0.726, the 
present theory implies Higgs mass itih — ^/WIaHo = 
1.81 X 10~^^eV. The standard Friedmann equation im- 
plies essentially the same result, differing by a factor of 
order unity. 

VII. CONCLUSIONS 

It has been shown here that requiring fundamental 
gravitational and scalar field action integrals to have con- 
formal scaling symmetry, well-established for massless 
spinors coupled to gauge boson fields, provides plausible 
explanations of several puzzling phenomena in elemen- 
tary particle and gravitational physics. The most strik- 
ing are the long-term failure to observe a massive Higgs 
boson, and the need in empirical cosmology for dark en- 
ergy or an equivalent cosmological constant ^Ij. 

Conformal theory justifies an effectively unified gravi- 
tational and elementary-particle theory. The postulated 
SU(2) scalar boson field is the common element that links 
these traditionally incompatible theories. There is no 
need to quantize gravitational theory or to geometrize 



quantum field theory. A classical metric field serves as 
the blackboard upon which quantum theory is written. 

Conformal theory relates gravitational and electroweak 
parameters through the cosmological constant A = ^w^. 
The Higgs construction of electroweak theory, which as- 
sumes > 0, establishes a nonzero cosmological con- 
stant, equivalent to uniformly distributed dark energy. 
This parameter can be attributed to self-interaction of 
the scalar field, due to virtual excitation of the gauge 
field This process is effective only in the current epoch 
of cosmic evolution, when mean temperature is below the 
electroweak transition temperature Tew- 

If this is the correct explanation of empirical dark en- 
ergy, it implies an extremely small Higgs boson mass, 
found here to be itih ~ 10~^^eV. Although this value 
might appear to be unreasonably small, no heavier Higgs 
boson has been detected. Arguments that exclude small 
Higgs massfsj depend on Higgs- fermion coupling. As has 
recently been shown |4| , a modified symmetry postulate in 
the standard model removes such coupling terms, while 
justifying a plausible estimate of neutrino mass. 

The author is indebted to Prof. P. D. Mannheim for 
introducing him to conformal symmetry and for helpful 
comments. 
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